A chemical survey of the six species of Microsorum in French Polynesia has been performed to determine and quantify the phytoecdysteroids. The content and composition of these compounds in the fronds of each of the six species were established. The highest concentrations of ecdysteroids were found in M. membranifolium (1.6% w/w) and M. scolopendria (0.47%), used in Polynesian traditional medicine. Seven phytoecdysteroids were quantified in these species and the major components were ecdysone, 20-hydroxyecdysone, and 2-deoxy-20-hydroxyecdysone, besides the minor ones (inokosterone, makisterone A, makisterone C, and 2-deoxyecdysone). Both the fronds of M. membranifolium and the rhizomes of M. scolopendria grown in French Polynesia could be considered as uncommonly rich sources of ecdysteroids.
Ferns have always played an important part in the everyday life of the Polynesians as ornamental and medicinal plants. Nowadays, the use of plants has drastically decreased and only some species are still in use. Among them are Microsorum scolopendria and M. membranifolium, better known as "metuapua'a" in the Society Islands. Those ferns belong to the Polypodiaceae family and are employed in the preparation of many Polynesian traditional remedies [1] [2] [3] . The former genus name for these species was Phymatosorus (and sometimes Polypodium) [4] [5] .
The genus Microsorum comprises ca. 49 species. The taxonomy of this genus is complicated by the tendency of some species to hybridize [4] . Six species of Microsorum are found in [4] , but only the first two are used in traditional medicine. Some of these species show a very similar morphology, especially M. scolopendria and M. rubidium, which may induce confusion when collecting them for medicinal preparation purposes. Biologically active compounds belonging to the ecdysteroid family have been found in the genus Polypodium [6] [7] [8] , and a phytochemical study of M. scolopendria revealed the presence of high amounts of ecdysteroids [9] . Ecdysteroids are known to have many pharmacological effects in mammals/humans, e.g. anabolic, hypoglycemic, hypocholesterolemic, tonic, hepatoprotective, antidepressant, and purgative effects [10] [11] [12] , some of which are consistent with the properties of "metuapua'a".
As part of an ongoing investigation on biologically active plants from French Polynesia, it was therefore decided to focus attention on the ecdysteroid content of the fronds belonging to the six species of the genus Microsorum.
Samples of fronds from the six species were extracted with methanol. After prepurification of the crude extract, HPLC analysis of all samples was performed in order to determine their ecdysteroid profile, and in the present study minor ecdysteroids were not considered. The concentration of ecdysteroids in each species was calculated by using ecdysone as an external standard. Seven ecdysteroids were identified: ecdysone, 20-hydroxyecdysone, inokosterone, makisterone A, makisterone C, 2-deoxy-20-hydroxyecdysone and 2-deoxyecdysone (supplementary data). The structures of these compounds are given in Table 1 . Table 2 . The major compounds are 20-hydroxyecdysone, ecdysone, 2-deoxy-20hydroxyecdysone and 2-deoxyecdysone. From their ecdysteroid content, the six species can be classified as follows: two rich species (M. membranifolium and M. scolopendria), three poor ones (M. x maximum, M. punctatum, and M. commutatum), whereas M. rubidium contains at best only traces of ecdysteroids (data not shown).
Seven ecdysteroids were determined in the fronds of M. membranifolium, among which were four major ones: 20-hydroxyecdysone (2.13 mg.g -1 ), ecdysone (4.91 mg.g -1 ), 2-deoxy-20-hydroxyecdysone (7.07 mg.g -1 ) and 2-deoxyecdysone (1.72 mg.g -1 ). Six ecdysteroids were quantified in M. scolopendria with two major ones, 20-hydroxyecdysone (2.23 mg.g -1 ) and ecdysone (1.45 mg.g -1 ). The total content of the four other ecdysteroids was less than 0.5 mg.g -1 .
Makisterone C was not detected.
M. maximum, probably the hybrid species from M. scolopendria and M. punctatum [5] , is the third richest species in ecdysteroids. Its total ecdysteroid content is 0.91 mg.g -1 , i.e. much lower than that of the former species. The major component was 20-hydroxyecdysone (0.71 mg.g -1 ). Four minor components were found, accounting for a total concentration of 0.20 mg.g -1 : makisterone A, inokosterone, 2-deoxy-20-hydroxyecdysone, and ecdysone.
M. punctatum and M. commutatum contain similar low concentrations of ecdysteroids (0.245 and 0.24 mg.g -1 , respectively). Three ecdysteroids were identified in M. punctatum (mainly 20-hydroxyecdysone) and only one (ecdysone) in M. commutatum.
Ecdysone was detected in the five ecdysteroidcontaining species, and was a major component in three of them (M. membranifolium, M. scolopendria, and M. commutatum). 20-Hydroxyecdysone was detected in four species only, and it was the most abundant ecdysteroid in three of them. 2-Deoxy-20hydroxyecdysone and 2-deoxyecdysone were only detected in M. membranifolium, where they occur in This finding supports the hypothesis that the medicinal properties of "metuapua'a" are (at least in part) connected with the presence of ecdysteroids, although these data cannot be considered as proof of the hypothesis. A striking feature of the two Microsorum species is their high content of ecdysone, a rare phytoecdysteroid, which for that reason has not yet been specifically investigated for its pharmacological properties. A review of the different medicinal uses of French Polynesian ferns shows that the parts used are either the fronds or the rhizomes [13] . This prompted us to investigate ecdysteroid concentrations and patterns in the fronds and rhizomes of M. scolopendria and M. membranifolium. The data are compared in Table 3 .
The concentration of ecdysteroids is more important in the rhizomes than in the fronds of M. scolopendria (11.17 and 4.69 mg.g -1 , respectively). The reverse is observed for M. membranifolium, which contains 16.63 mg.g -1 ecdysteroids in the fronds and 2.02 mg.g -1 in the rhizomes.
Six ecdysteroids were identified in the rhizomes of M. scolopendria, among which the two major components were 20-hydroxyecdysone (6.76 mg.g -1 ) and ecdysone (3.41 mg.g -1 ) at concentrations, respectively, 3 times and 2.35 times higher than those measured in the corresponding fronds.
Only five ecdysteroids were detected in the rhizomes of M. membranifolium and only three major compounds -ecdysone (0.87 mg.g -1 ), 20-hydroxyecdysone (0.64 mg.g -1 ) and 2-deoxy-20-hydroxyecdysone (0.40 mg.g -1 ) -and two minor ones (inokosterone and makisterone C). Makisterone A and 2-deoxyecdysone were not detected. The total ecdysteroid content of rhizomes is eight times lower than in the fronds.
Based on the literature [1, 3, [14] [15] [16] , the rhizomes of M. scolopendria constitute the most often used part in Polynesian traditional medicine, whereas the rhizomes of M. membranifolium are never used. The high level of ecdysteroids in the rhizomes of M. scolopendria, especially 20-hydroxyecdysone and ecdysone, accounts for its use. 
